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Abstract 

The integration density of transistors makes it possible today to 

concentrate the essential, even the complete of the application in a 

single component. The design of such a component (called System or 

SoC) and the implementation of more and more algorithms complex is 

problematic if we want to associate it with a prototyping approach 

scientific applications. In order to significantly reduce the time and 

cost of design, the design process is highly automated. This paper 

investigates the need of memory and memory controller with interface 

in AHB system. Detailed analysis AMBA and its superior version, 

release by ARM is studied, and   concluded AXI4.0 gives better 

parallelism and flexibility for interface with multiprocessor and its 

peripherals. 
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I. INTRODUCTION 
                  Indeed, from the 1990s, the researchers concentrated on 

innovation and the implementation of a new design: "co-design". 

However, until the end of the design of dedicated systems is not 

implemented than on printed circuit boards. 

                  Today, the technological development of Submicron with an 

integration rate of more than one million of transistors has opened the 

door to the implementation of these systems on a single Chip. This new 

generation of embedded systems (SoC: "System on Chip") allows to master 

problems even more complex due to the fact that with a single chip 

performance (MIPS or FLOPS) higher than those that can be realized with 

a card. 

                  A key phase in the design of SoCs is integration of IP 

("Intellectual Properties") blocks that makes operation difficult and 

expensive in design time. Few studies have been interested in this 

problem of synthesis communication interface. Most can be classified as 
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two categories. The first deals with the problem during synthesis by 

means of tools or System specification such as COSMOS, POLIS [1], 

                  SystemC[2] and CoWare[3], which allows generation Automatic 

communication interfaces. The problem is concerned with standard 

components that have Incompatible protocols. The IMEC also proposes a 

solution Design of hardware communication interface. This solution is 

interesting when all the IPs used have the same Communications 

protocols.  

II. ARCHITECTURE OF A SYSTEM ON A CHIP 

                  The successive technological developments have made it 

possible to integrate more and more Functions on the same integrated 

circuit. It is now possible to integrate together multiple processors, 

memories, hardware accelerators, and Peripheral components, the 

whole being interconnected with a communication network. This brings 

together all the functions required to perform complex processing on a 

chip. 
 
General Processors (CPUs) 

                  Most SoCs now contain one or more processors for use 

general. Commercial processors intended to be embedded (ARM, MIPS, 

PowerPC, ST-Microelectronics, etc. [5]) differ from ordinary processors 

by optimized architecture to minimize energy consumption. For the 

applications requiring processing power, some SoCs use optimized DSP 

for signal processing. A classic example of DSP processors is the MACC 

instruction: Multiply and Accumulate which allows to perform one 

multiplication and one addition at a time. The DSPs also have 

architecture to more efficiently process data flows in Facilitating access 

to data with, for example, the addition of direct access Memory (DMA) 

or the separation of the bus from the instruction bus and the data bus 

(Harvard Architecture). The main advantages of using components 

standards are located in the comfort and power of the design tools that 

are associated with them. Processors are available as intellectual 

properties (IP1) which may be more or less flexible to use. Commercial 

processors come mainly from manufacturers of circuits reconfigurable 

with the Microblaze of Xilinx and the NIOS of Altera. ARM also offers 

softcore versions of its ARM processors [10] there is also a relatively 

large number of open and freely available. Thus the Openfire and Leon 

processors are respectively compatible with Microblaze and Sparc 

processors.  
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Hardware Accelerators 

                  Hardware Accelerators are intensive processing functions 

(FFT, decoding / encoding Video, etc.) or input / output control (UART, 

VGA, PS2, etc.) that are carried out on a hardware component 

dedicated to this purpose in order to relieve. A processor (or 

microcontroller) or to obtain a gain in performance there from. These 

components may be hardware components designed from time to time 

or reusable intellectual properties (IP).  
 

Memory Components 

                  In the systems on chip, internal memories are preferably 

used because they perform better than external memories in terms of 

latency and bandwidth. Internal memories are used to speed up but 

they occupy a large area of silicon. The elements of memory are very 

diverse and one finds in a SoC also linear memories (stacks and 

queues) than addressable and non-addressable memories addressable 

(cache) and both ROM (read only memory) and memory lively. Both 

memory technologies are available, static memories (SRAM) but 

powerful and more recently buried DRAM (EDRAM), denser but less 

efficient than SRAM. 
 

Conventional Memory Architecture 

                  The use of different levels of memories arranged in 

successive layers has become widespread in standard microprocessor 

systems to reconcile at best performance and storage capacity. 

Typically in an architecture of universal processor are identified, (from 

the fastest to the most voluminous) the registers of the processor, 

several levels of internal caches (L1 and L2), and the external cache 

microprocessor (L3) and the main memory. 
 

Dedicated Memory Architecture 

                   In the case of a multiprocessor architecture, the thorny 

problem of the choice between shared memory and distributed memory. 

The great advantage Shared memory is to leave the possibility of 

retaining conventional programming. The main disadvantage of this 

architecture of memory is that access to memory becomes a bottleneck, 

when this memory is associated with a shared bus. Many memory 

architectures Shared memory are in fact distributed-shared memories 

where the memories are physically distributed, but with a mechanism, 

(software, hardware or hybrid) to translate addresses and manage 

coherence. 

International Journal of Pure and Applied Mathematics Special Issue

351



I. COMMUNICATION SYSTEMS 

                  The communication system physically links the components 

to each other, thus allowing the transit of control information, or data 

between these components. Communication between the functional 

blocks of a system mono-chips were first provided by bus-based 

architectures. 

 

Shared Single Bus 

                  The concept of Bus combines a simple topology with an 

interconnection standard to facilitate modularity. Precursor 

manufacturers in the realization SoC have each offered their bus 

standard. The main issue was then to provide a solid standard, 

facilitating the integration and reuse of components IP, all compatible 

with the bus interface in question. The advantages of a bus are low cost 

in terms of number of connections and a high utilization rate because 

only one channel is shared by the nodes. Its main disadvantage is that 

a bus is not expandable because its bandwidth is shared between the 

different nodes connected to it.  
 
Hierarchical Bus 

                  The architectures that are now commonly encountered are 

of the multibus type (Also called a hierarchical bus). A multi-bus 

consists of a number of independent local buses connected by bridges. 

This type of interconnection comes under multiple competitive 

communications. It is necessary to IP on the different buses to exploit 

the locality of the communications, and limit thus the latencies due to 

transfers between two buses by the bridge. The different segments of a 

multi-bus have shorter links and fewer components connected than a 

single bus, which improves its characteristics in terms of consumption 

and frequency. The Multi-bus architecture thus reduces certain 

disadvantages of the bus but is still not extensible. 

                
Advanced Buses and Hybrid Architectures 

                  The industrial players are gradually evolving their 

communication standards In order to push the boundaries of classic 

bus architecture. The bus systems such as Silicon Backplane from 

Sonics and AMBA AXI-3 have multiple channels and / or are pipelines. 

With the Avalon bus of Altera, it is possible to vary the number of 

channels in such a way that the extreme solution becomes equivalent 

to a crossbar. The most emblematic case is the STBUS of 

STmicroelectonics, which evolved by integrating progressively more 
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and more communication devices into more elaborate. In its simplest 

implementation the STBUS is a shared bus but which can equally well 

be a crossbar interconnection matrix, or integrate in its most advanced 

mode a true NoC with the Spidergon, successor of the Octagon.  

 

III. AMBA BUS PROTOCOL 

                  AMBA is the abbreviation for "Advanced Microcontroller 

Bus Architecture." The ARM Company created this protocol, designers 

typically use chips for "system-on-chip" microprocessors. 

                  There are five different AMBA protocols: Advanced 

Extensible Advanced High-performance Bus Interface, Advanced Bus 

Bus Device and Advanced Trace Bus. The AXI protocol has three 

different divisions: AXI4, AXI4 -Lite and AXI-4 -Stream. There is also a 

Function AHB-Lite protocol. An on-chip system contains miniaturized 

computer components, including a microcontroller and a number of 

peripherals. The AMBA bus connects these devices. It uses a wire for 

all "slaves" or peripherals, connected to the "master" microcontroller. 

The microcontroller sends an address from a device; the instructions 

and data of the microcontroller follow the address on the bus. These 

two types of transaction are the "address phase" and the "data phase." 
 
Characteristics 

                  AMBA protocols allow multiple masters to connect to the 

same bus. The address phase includes the source address, as well as 

the destination address, if the activated slave knows the origin of the 

received instruction. 

                  Advanced Microcontroller Bus Architecture (AMBA) is not 

properly Talk Bus, but a family of buses, defined by ARM. The main 

buses of this family are Advanced eXtensible Interface (AXI), Advanced 

High-Performance Bus (AHB) and Advanced Peripheral Bus (APB). 

APB [is a bus for interconnecting low-rate IPs, that is, Having little 

data to be transferred, for example keyboard-like IPs Or UART 

(Universal Asynchronous Receiver Transmitter Asynchronous, 

managing serial links). APB Very simple and very small read / write 

operations, with only one master per bus. As soon as the IP becomes 

more bandwidth-intensive, APB and its specifications reductions 

become a limiting factor. It is possible to carry out operations on 4, 8 or 

16 successive words, But also on unspecified burst sizes, which will 

continue as long as the IP having made the request needs it, or that 

the bus arbitrator decides to give Access to another IP.  
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Figure 1: AMBA based microcontroller 

 

Following are the different frame of AMBA bus architecture: 

Advanced Peripheral Bus (APB): This bus provides a complex interface 

Minimal and allows only one master, mostly the bridge connection with 

another bus, multi-masters necessarily, and most of the time from the 

same family. This bus designed to minimize power consumption only 

allows a small band and does not provide any pipeline for transactions. 

Advanced High-Performance Bus (AHB): It is a multi-master bus 

synchronous to Broad bandwidth / broadband. It supports transactions 

in bursts, not pre-emptive and deferred, with a high number of 

teachers (up to 16 bus). For better performance, the data associated 

with an address are on the bus one cycle after the address, which 

allows operation in pipeline. A multiplexed data path - extensible to 

128 bits is preferred over three-state bus lines. This allows a frequency 

of Functioning and simplifies / improves the automation of system. The 

address arbitrator and decoder are centralized and point-to-point with 

all the peripherals, unlike the PI-Bus or the AMBA ASB where the 

Master had to go through the bus to ask for and get a call. Figure 2 

illustrates a typical architecture based on AMBA hierarchical buses. 

 
 

Figure 2: AMBA-AHB Block diagram [24] 
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 Multi-Layer AHB: To bypass the lack of extensibility and finally 

ensure the continuity of the standard AMBA (not to say AHB), ARM 

An interconnection network based on the AHB protocol for replace the 

centralized bus. It is an interconnection matrix that distributes a 

master decoding block and a slave arbitration block. This extension 

however met with little success because it remains mono-clock and 

therefore requires global management - already tricky for a centralized 

bus - on a distributed network. Figure 3 illustrates an example of AHB 

multi-layer interconnection matrix of 3 masters and 4 slaves [40].  

 

Figure 3: AHB multi-layer interconnection matrix 

 

AHB-Lite: It has been found that many designers required AHB bus 

protocol performance but with Improved APB protocol services for a 

single master. The AHB bus Implemented unnecessary functionality in 

this case. The AHB-Lite protocol provides the reduced set of services 

for a single master while retaining the sophisticated transaction 

potential: in burst, re-emissive, In order to facilitate the integration of 

various components within the same architecture, several protocol 

standards and interfaces have been set up so that when designing 

these components, these protocols are adopted.  

 

IV. ARCHITECTURE AND FUNCTIONING OF SOCS 
                  The architecture of the SoC that we consider is proposed 

into layers in order to control the complexity for the hardware part and 

for the software part. We can decompose these layers into two main 

ones. The first is formed by the RAMs, ROMs and the microprocessor. 

This part constitutes the software layer. The second is the layer 

hardware. The operation of this type of system is described as a set of 

software components and hardware jointly. The software part, running 

on an embedded processor, communicates with other applications 
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running simultaneously in hardware. The latter are integrated on the 

same chip as the processor. 
 

Interconnection for SoCs 

                  As the architecture of the SoC integrates several 

components. A set of interconnections in order to assemble the 

complete system. Currently, there are three approaches:  

1. Interconnection via standard external bus. 

2. Connection point to point.  

3. Connection through FIFOs or shared memories. 
 

V. LITERATURE REVIEW 
                  Recent improvements in SoC technology has allowed several 

devices to get integrated on a single chip which created a way for 

compact devices. The different devices from different dealers 

accomplishing different functions are integrated on an individual chip. 

These components can be interconnected using bus based protocols in 

order to achieve efficient communication. The most commonly used 

communication is AHB protocol. AHB protocol supports high speed 

communication between devices. Processors are becoming faster 

gradually and memories are becoming slower because of its bulkiness. 

This becomes an issue as the data fetching speed is not in accordance 

to the processor speed. Hence fast memory controller is required which 

have the ability to match the processor speed with the memory in order 

to establish an efficient communication. The challenging task is to 

interface SDRAM with AHB because the latency of SDRAM is not 

limited only to one cycle which makes AHB remain idle for that time. 

This leads to inefficient utilization of bus resources. [11] 

                  S. L. Reddy et al. built a memory controller especially for 

SDRAM. Some new features were added to the memory controller 

design for improving the overall efficiency of controller. For example, if 

a data is queried about the recently used data, searching happens first 

in the internal memory of controller rather than fetching it to the 

memory. This controller is designed in such a way that it should be 

compatible with AHB (AMBA) bus architecture because AHB supports 

high-performance, high clock frequency system modules. It is the 

backbone for high-performance systems. [4] 

                  Vijayalakshmi et al. proposes this paper with the aim of 

increasing the accessing speed of devices and also for the memory and 

storage like FIFO etc. Hence memory controller (MC) is designed in 

such a manner that it should reduce the access time. The task assigned 

to MC is to control the memory. MC is usually fabricated on the chip 
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According this paper the main focus is on the fact that how to design 

this AMBA-AHB-memory controller which can operate effectively as 

AHB-slave Peripherals. The system’s main memory of MC consists of 

SRAM and ROM. [9] 

                  K. Shaikh et al. built a memory controller especially for 

SDRAM. For example, if a data is queried about the recently used data, 

searching happens first in the internal memory of controller rather 

than fetching it to the memory. This controller is designed in such a 

way that it should be compatible with AHB (AMBA) bus architecture 

because AHB supports high-performance, high clock frequency system 

modules. It is the backbone for high-performance systems. [12] 

                  Varsha Vishwarkama et al. uses a high-performance 

architecture which uses an advanced microcontroller bus. One of the 

solutions for performance enhancement is “AHB bus”. But the perfect 

parallelism cannot be achieved through it as it can allow only one 

master to communicate at one slave only. To achieve this parallelism, 

AMBA-AHB supports SoC standards for communication so that the 

high-performance embedded systems could be designed. [7] 

                  Acasandrei et al. proposed a compliant advanced 

microcontroller bus architecture (AMBA) bus hardware IP, a 

modularised, highly configurable, low power and technology 

independent core written in a hardware description language (HDL) 

language. The IP core accelerates Viola-Jones algorithm considered to 

be one of the most used algorithms for face detection. The hardware 

accelerator IP is used in an embedded face detection system built 

around the LEON3 Sparc V8 processor. The authors present the 

methodology, challenges and performance results for software, 

hardware and system level design. For the mentioned system the 

authors have obtained an acceleration factor of 10-12 when using the 

hardware accelerator in comparison with the software only traditional 

approach. [13] 
 

VI. PROCESSOR OVERVIEW 
                  The architecture is based on the design of an application 

embedded on a single chip around the LEON processor. This processor 

is a dedicated SPARC processor for embedded applications. It has a 

separate cache in two layers instructions and data, the bus AMBA 

AHB and APB, UARTs, "timers", interrupt controller, one port input / 

output 16-bit, and an interface for the coprocessor "Meiko floating-

point unit". For data communication, the LEON processor uses the 

AMBA (Advanced Microcontroller Bus Architecture)  

Communication Interface Design 
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                  To help the designer design communication between the 

"LEON" processor and the accelerator (s), and avoid define and refine 

the connections of buses, pines etc. We propose a model allowing each 

accelerator to connect to the processor by configuration. This model 

incorporates interface that is first connected to the IP (Figure 4-a). 

Then, the hardware and interface accelerator block are associated to 

the rest of the system on chip (Figure 4-b) through the AMBA bus. In 

this case, during the integration on the AMBA bus, the connection with 

the processor thus becomes simpler. This approach allows the designer 

to simplify the phase of integration. The interface is considered on the 

one hand as a slave of the processor on the AMBA bus; and on the 

other hand, it is considered as master of the material accelerator. So, 

the interface allows separation between the IP and the processor. The 

interface ensures the management between the processor and each IP 

individually.  
 

 
Figure 4: Interface mechanism for communication 

 

Principle of Communication 

                  In general, communication between a processor and 

peripheral devices requires the implementation of several protocols 

and hardware and software managers as required. Most of the time, 

the processor does not control devices. It uses for this a circuit specially 

adapted, a "controller", with its own characteristics to each device. The 

processor commands to the device is operated through this controller. 

These orders correspond directly to the physical mechanisms. The 

controllers are connected to the bus of the processor and allocated, to 

each, a number of addresses. At these different addresses, control 

commands are issued or inputs are made of data. The controller 

recognizes its addresses through a decoding logic.  
 

Selection Process 

                  As was the case for controllers, accelerator, a number of 

addresses. The selection is made in load via the communication 

interface. The latter is to compare in each case the address delivered by 

the processor LEON with the address reserved for the accelerator. 
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Which is equivalent to reserving a 32-bit comparator. As can be used as 

many interfaces as accelerators, it is necessary to associate to each 

interface a 32-bit comparator. In order to optimize at the time and 

surface level, a decoder (see Figure 5). This decoder takes care of the 

generation of the selection signals HSELX (X symbolizes the number of 

the signal). Thus, the interface will only be able to detect the '1' of the 

selection signal. The decoder reserves tracks addresses from an initial 

address and depending on the size of selected beach. 
 

 
Figure 5: The decoder generates the selection signals for the interface 

 

                  The main objective of the interface is therefore to adapt the 

communication protocol from the IP to that of the LEON processor. The 

AMBA AHB bus of LEON has several protocols. These protocols are 

controlled by the master. As far as we are concerned AMBA bus is 

configured as master.  
 

VII. CONCLUSION 
                  In this paper we propose an interface model enabling 

refinement of communication between the processor LEON and various 

hardware accelerators. This approach to the designer to simplify the 

integration phase. This model is sufficiently generic in order to be able 

to adapt to different communication protocols. The proposed approach 

is effective to date for low grain material accelerators. It allows 

communication with all IPs that have control signals type BUSY and 

START. The development of this interface the framework of generic 

communication design with the IPs. Also, this work will be extended to 

ensure communication with other types of IPs. Indeed, this work is 

part of a project to design system on a LEON based processor chip. The 

latter integrates two types of bus. The AHB bus which is an internal 

bus and the PCI bus which is a bus for external communication. 

However, this work is extensible for other processors such as the ARM 

processor that uses the same AMBA bus. Moreover, it is valid for other 
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types such as the PCI bus. This approach can be extensible for other 

bus types view generic description that it presents. Other applications 

using this approach are currently being studied. The objective is to 

communication interface design in order to propose a general and 

automatic method of synthesis of system-to-chip communications. 
 

References 
[1] Stade, R., 2007. Cosmos and polis, past and present. Theory, Culture & Society, 24(7-8), pp.283-285. 

[2] Black, D.C., Donovan, J., Bunton, B. and Keist, A., 2011. SystemC: From the ground up (Vol. 71). Springer 

Science & Business Media. 

[3] Van Rompaey, K., Bolsens, I., De Man, H. and Verkest, D., 1996, September. CoWare—a design environment 

for heterogenous hardware/software systems. In Proceedings of the conference on European design automation 

(pp. 252-257). IEEE Computer Society Press. 

[4] Reddy, S. Lakshma, and A. Krishna Kumari. "Architecture of an AHB Compliant SDRAM Memory 

Controller." International Journal of Innovations in Engineering and Technology (IJIET), ISSN (2013): 2319-

1058. 

[5] El Kady, S., Khater, M. and Alhafnawi, M., 2014. MIPS, ARM and SPARC-an architecture comparison. In 

Proceedings of the World Congress on Engineering (Vol. 1). 

[6] Jayapraveen.D and T. Geetha Priya, “Design of memory controller based on AMBA AHB protocol”, Elixir 

International Journal, 2012. 

[7] Vishwarkama, Varsha, Abhishek Choubey, and Arvind Sahu. "Implementation of AMBA AHB protocol for 

high capacity memory management using VHDL." International Journal on Computer Science and Engineering 

4, no. 3 (2012): 380. 

[8] Ramakrishna, S., K. Venugopal, B. Vijay Bhasker, and R. Surya Prakash Rao. "HDL Implementation of Amba-

Ahb Compatible Memory Controller." Editorial Committees (2012): 20. 

[9] Ch. Vijayalakshmi, Mr B. Raghavaiah, “Implementation of AMBA AHB Compliant Memory Controller with 

Peripherals”, ICITEC, 2012. 

[10] Baklouti, Mouna, and Mohamed Abid. "Multi-softcore architecture on FPGA." International Journal of 

Reconfigurable Computing 2014 (2014): 14. 

[11] Sharma, Archana C., and C. Z. Ali. "Construct High-Speed SDRAM Memory Controller Using Multiple FIFO’s 

for AHB Memory Slave Interface." International Journal of Emerging Technology and Advanced Engineering 

3, no. 3 (2013): 907-916. 

[12] Kareemullah Shaik, Mohammad Mohiddin, Md. Zabirullah, “A Reduced Latency Architecture for Obtaining 

High System Performance”, IJRTE, 2012. 

[13] Acasandrei, Laurentiu, and Angel Barriga. "AMBA bus hardware accelerator IP for Viola-Jones face detection." 

IET Computers & Digital Techniques 7, no. 5 (2013): 200-209. 

[14] Usui, Hiroyuki, Lavanya Subramanian, Kevin Kai-Wei Chang, and Onur Mutlu. "DASH: Deadline-aware high-

performance memory scheduler for heterogeneous systems with hardware accelerators." ACM Transactions on 

Architecture and Code Optimization (TACO) 12, no. 4 (2016): 65. 

[15] Rajsuman, R., 2000. System-on-a-chip: Design and Test. Artech House, Inc. 

 

 

International Journal of Pure and Applied Mathematics Special Issue

360



361



362


